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ABSTRACT

3

The absorption spectra of Er ¥ diluted 1in LuPO4 and HFS‘iO4

crystals have been measured from 6,000 to 28000 cm“1

at Tiquid He
and N2 temperatures. Zeeman spectra were obtained in the visible
region. The transitions were assigned and fitted to a semiempirical
Hamiltonian with ten adjustable parameters. Satisfactory fits were

obtained including reasonable agreement between calculated and

measured g values.






INTRODUCTION

The relatively Tong half-Tives (‘103 to 305 yr) of many of the
actinide isotopes produced as a by-product of nuclear reactor operation
represent a severe constraint on the selection of a suitable substance
for the primary isolation or containment of nuclear wastes. An exami-
nation of geological evidence has recently led to the suggestion192
that synthetic analogs of the mineral monazite [(La, Ce, Nd. Y, ﬁe.)POQ]
have chemical and physical properties that make them attractive can-
didates as host materials for Tong-term storage of actinide wastes,
Accordingly, the characterization of possible sites where actinide
(and other) impurity ions can be incorporated in these materials and
a determination of the oxidation states of these ions is pertinent
to understanding the interrelationship between the chemical and
physical properties of the Tanthanide orthophosphate-impurity systems
and the parameters appropriate to an acceptable stable waste form.

The pure lanthanide orthosphosphates are structurally divided
into two classes: the first half of the series (LaP04 to GdPO4)
has the monoclinic monazite structure, while the second half of the
series (T’bPO4 to LuPO,, plus YPO,, and ScPO4) is characterized by
the tetragonal zircon structure. Previous work using the electron
paramagnetic resonance (EPR) technique with the lanthanide ion 6a3t
employed as a probe has shown that this jon occupies identical sub-
stitutional sites in both single crystal and powder samples in either

the tetragonal or monoclinic symmetry or‘th(m}“xospha‘i:es(,3“’5

recent EPR investigations6s7

More
have been carried out for other Tanthanides

that are either direct analogs of or have properties that are directly



related to the actinide ions of interest. These studies have included

work on C93+9 Nd3+9 Dy3+, Er3+ 3+

, and Yb™ in the tetragonal-symmetry
hosts LuPO49 YPO49 and ScPOdp In the present work the results of
complementary optical absorption and Zeeman effect studies are reported

3+

in the range from 0.4 to 3.0 nm for Er” as a dilute impurity in LuPOa,

Enérgy levels were assigned to states derived from the constraint of

an f17

configuration restricted to DZd point symmetry, and were fit

to a semiempirical Hamiltonian by a least-squares minimization.
Parameters describing the electrostatic, spin-orbit, and crystal field
interactions were adjusted. Results of this analysis, along with the
previously reported EPR measurements, were used to assign the optical
spectra of Er3+ in HfSiO4 that are also reported here. Although
hafnium silicate is isostructural with LuPO4, it appears that the
trivalent Er jon can substitute into more than one site in the silicate
host crystai.g By a close comparison with the Er3+:LuPO4 system, the
spectra associated with only the D2d site were assigned and good
agreement was obtained between the experimental and calculated energy
Tevels. The crystal field parameters reported here provide a basis

for future work on tetrapositive actinide ions (e.g., Np4+) in this

type of host crystal.

EXPERIMENTAL PROCEDURE
The preparationg and EPR characterizationg of the Er-doped
HfSiO4 crystals have been reported elsewhere. The Er-doped LuPO4

single crystals employed in this work were grown by a technique495



10 In this pro-

similar to that initially described by Feigelson.
cedure the lanthanide oxide (i.e., Lu203 plus the Er203 dopant) is
mixed with PbHPO4 and reacted at high temperature (1360°C) in a
platinum crucible. Accompanying decomposition of the PbHPO4 results
in the formation of Pb2P2079 which then serves as a flux during the
subsequent crystal growth via spontaneous nucleation during slow
cooling (1°C/h).

The absorption spectra were observed by detecting the transmitted
1ight from a 100 watt tungsten-halogen Tamp. Transitions between

12,000 and 28,000 cm”

were photographed on a 3.4m Ebert spectrograph
with a dispersion of about 5.2 ﬂ/mms while the transitions between
6,000 and 12,000 cm";i were observed using a 0.5 m Jarrel-Ash scanning
monochromator equipped with a PbS detector. The observations were
made at 4.2°K and 77°K in the visible region and at 2.0°K and 77°K

in the infrared region. In each case the 1ight was analyzed with a
Tinear polarizer oriented in both the parallel and perpendicular
directions relative to the ¢ axis of the crystal. The photographic
measurements were then repeated at 4.2°K with the crystal in a magnetic

field of about 26 kG, with the c axis parallel and perpendicular to the

applied magnetic field.

ANALYSIS AND DISCUSSION
The electronic states resulting from an £" configuration restricted
to DZd symmetry can be described by means of an effective Hamiltonian of

the following form: '



4,

o=y, 4l K
where
K 0K Qok iy ok (s
o= ) Oy ek )
k=0,2,4,6  §>i=1 q=-k o
N o
HZ =L 5 ﬁ'iéS‘Y
=]
n
Hy = 1 (BECG(1) + BRCa(i) + Bylca(i) + ¢¥p(i)]

+ BO[CS (1) + €8, ()])

and H[l contains configuration interaction terms including a, B, vy, three

12

body interactions (Tk)s and additional magnetic terms (M, , P

k? k)°
The crystal field states for an odd number of electrons are

classified by the F6 and I', double group representations associated with

7
the Doy site symmetry, The selection rules for electric dipole repre-

sentations among the T6’ T7 states for linear polarized incident Tight-

are given by:

Te(ry) = 1o (Te) (pol. 1l c)

re(r7) + I.,T.

g:ly (pol.l C)

These selection rules are clearly obeyedby the Er3+:LuP04 system as they

are in previously reported Fr3+:YPO4 Spectra.,13 This was not the case, how-

3+H

ever, for the Er {FSi04 crystals that were used in this study. Extra

lines in the absorption spectrum of Hf5i04 are observed due to
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additional sites occupied by the Er>" don. In addition, the transmission

of polarized light through the HfS‘iO4 crystals indicated that the particular
crystals used must be partially polycrystalline.
Because of the nearly identical structures of LuPO4 and YPQ4§ the

spectra of Er3+sLuPOdr were first assigned by correspondence with those

3+ 13

of Er :YPOQ. The semi-empirical Hamiltonian was then fitted to each

system by least squares minimization of the parameters associated with

3

Hys Hys and Hy. The fit to Er +:YP04 seryed to test the model and the

'!s
assignments of Er3+:LuP045 The assignments were then refined and confirmed

by comparing the calculated and measured g values where magnetic field

splittings could be observed. This procedure was then applied to the

3 3

Er +:HfS‘iO4 spectra by careful comparison with both the Ep

3

*iLupo,

and Er +3YP04 assignments.

Satisfactory fits were obtained in all three cases. Fifty-five

3

transitions were assigned to crystal field levels from the Er T LuPo

4
spectra while 46 transitions were assigned from the Er3+:HfSi04

spectra. The free ion parameters associated with Hy were relatively
insensitive to these data and could not be adjusted by the Teast squares

procedure. Better agreement was obtained, however, when these parameters

3

were left at their Er +:LaC"lS values than when removed from the Hamiltonian.

The observed and calculated values of the energies and g-values for

3+

Er™ in LuPO4 and HfS'iO4 appear in Table I, while the values of the parameters

determined for all three crystals aﬁpear in Table II. The agreement

between the calculated g values and the g values observed from EPR

6,7,14,15 3

measurements for the ground state of Er +:HfS‘i% is especially

gratifying, as these values are quite different from those observed for



Er3+ in LuPO4 and Er3+ in YPO4.

The 4%11 electronic configuration of Er3+ can be viewed as repre-

14

senting three holes in the 4f ° closed shell and, accordingly the

spectroscopic properties of this ion are of interest for comparison

3+3 U3+ 4+ which have three electrons in f shells.

3+

with those of Nd , and Np

For the purpose of making comparisons of this type, studies of Nd

3+

and U™ in the lanthanide orthophosphates are currently in progress.
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Table I

B> *iLavo, Ec> i HESIO,

Sym Energy Splitting Factors Eigenvector Composition Sym Energy Splitting Factors Eigenvector Composition

(em H) g ggil SLQ(23,29)) SLQ(2J,23,) (em™ ) g !gLi SLQ(23,23 ) $LQ(27,25 )

cal obs cal obs cal obs % largest % second cal obs cal obs cal obs % largest % second

r“7 -1 0 6.77 6.39% 4.94 4.97%71 41 (15, 7) 9 4I (15, -1) [‘7 -1 0 3.77 A-,.32b 6.81 6.68bél 4T (15, 7) 25 4L (15, -9)
r\é 33 36 3,31 7.92 68 41 (15, 5) 22 41 (15, -3) T‘7 28 214 .28 59 &I (15, 15) 34 41 (15, -9)
P7 49 53 ~7.14 3.97 78 41 (15, ~9) 8 &I (15, 7) Pé 39 30 -.34 7.93 44 4T (15, 5) 27 4T (15, -3}
F7 100 98 16.05 .75 83 41 (15, 15) 10 &I (1S, 7) ["7 58 59 4031 6.30 45 41 (15, 7) 30 41 (15, -9)
f‘é 132 -5.79 5.87 45 41 (15,-11) 29 41 (15, -3) F6 100 -5.97 3. 49 65 41 (15,-11) 22 41 (15, 5)
I"é 229 -7.17 253 47 4T (15,-11) 42 41 (15, -3) ]’“6 165 12.31 3.68 80 41 (15, 13) 6 41 (15, -3)
r‘7 246 ~1.33 9.33 82 4T (15, -1) 8 4I (15, -9) F‘6 271 ~1.25 8.11 63 41 (15, -3) 24 41 (15, 35)
I'é 286 14439 1.51 88 41 (15, 13) 6 4I (15, 5) ]'“7 298 ~a 87 9.33 81 41 (15, =1) 9 &I (15, 7)
f‘e 6548 6535 2.69 6.90 60 41 (13, 5) 32 41 (13, =-3) Pé 6541 6548 9.10 3.75 58 41 (13, 13) 25 41 (13, 35)
["7 6556 6544 4. 04 4. 96 65 41 (13, 7) 25 41 (13, ~1) I“7 6542 6530 .20 6055 47 &1 (13, 7) 32 4L (13, -9)
l"7 6608 6602 ~5.32 4,39 68 41 (13, =~9) 22 41 (13, 7) f‘6 6564 6564 3.02 .74 36 41 (13, 13) 21 41 (13, =3)
1"6 6619 6615 8.63 2.83 68 41 (13, 13) 21 41 (13, -3) F7 6576 6580 ~2.86 6.23 S8 41 (13, =-9) 39 41 (13, 7)
T'*é 6647 6641 2.23 1.97 30 41 (13, 5) 26 4I (13, 13) [‘6 6600 6597 -6.59 2,18 68 41 (13,-11) 25 41 (13, 5)
1‘7 6687 6682 -2.00 7s14 65 &I (13, -1) 21 41 (13, ~9) [“6 6712 -1.02 6.64 64 41 (13, =3) 29 4I (13, 3)
["6 6697 6695 -9.00 2.08 70 4T (13,-11) 23 41 (13, =3) ["7 6728 ~o 64 7. 40 79 41 (13, -1) 12 41 (13, 7)
F‘é 10198 10206 1,29 5045 46 41 (11, 5) 34 41 (11, =3) ["6 10183 ~9.75 .58 73 4T (11,-11) 13 2d2(11,-11)
f‘7 10211 10221 3.57 3.45 50 &1 (11, 7) 28 4TI (1i, =-1) !"7 10194 10189 «83 4o 51 44 41 (11, 7y 25 41 (11, =-9)
f"6 10240 10244 -5.81 2.19 49 41 (11,-11) 20 &4I (11, 5) I"6 10206 10209 1.36 4o 64 52 41 (11, 3) 21 41 (i1, =3)
!“7 10246 10252 -1.47 1.36 31 41 (11, =9) 26 41 (11, 7) F‘7 10209 -3.16 4.23 S2 41 (11, -9) 29 41 (11, 7)
l"é 10257 10256 -4.38 3.25 34 41 (11, =3) 30 41 (11,-11) Fé 10279 - 50 5,18 54 41 (11, =3) 26 41 (11, 5}
{"7 10272 10274 -4.94 3.81 46 41 (11, =9) 29 41 (11, -1) Y‘7 10290 - 55 5.61 69 41 (11, -1) 12 2m82(11, =-1)
T"6 12363 12372 2.65 3.10 3.55 3.07 39 41 (9, 5) 1341 (9, =-3) Fé 12332 12327 2.20 3.83 3541 (9, 5) 16 41 (9, -3)
["7 12429 12442 ~6.97 =8.25 1.10 3.33 &4 41 ( 9, ~9) 14 282( 9, -9) l"‘7 12413 ~6.97 1.21 47 41 (9, =9) 15 2H2( 9, -9
]"6 12432 12432 =-.92 ~1.64 3.35 3.17 39 41 (9, -3) 13 41 (9, ) T‘6 12443 - 46 3.83 34 41 (9, =3) 16 41 (9, 3)
F‘7 12508 12531 1.47 .78 23 41 (9, 7) 23 41 (9, ~1) f‘7 12451 12448 3.18 .16 34 41 (9, 7) 12 41 (9, -1)
™, 12578 12586 2.74 2.60 27 41 (9, 7y 22 41 (9, -1y [, 12536 1.11 3.48 32 41 (9, -1) 16 41 (9, 7)

-
~

0T



Table 1 Continued

£ Lupo, Er>Trnesi0,

Sym Energy Splitting Factors Eigenvector Composition Sym Energy Splitting Factors Eigenvector Composition

(en™hy gy igLi SLQ(2J,23 ) SLQ(23,23)) (e ) g gL; 81.Q(23,23)) SLQ(23,27)

cal obs cal obs cal obs % largest %  second cal obs cal obs cal obs % largest % second

P7 15261 15235 4.11 3.05 3.02 37 4F ( 9, 7) 18 4F ( 9, ~1) F7 15213 15200 1.76 4.19 4.10 37 &4F (9, =1) 20 4F (9, 7)
F6 15290 15271 1.25 1.95 5.25 30 4F (9, 35) 28 4F (9, -3) Fé 15220 15235 =86 l.44 5.21 4.99 31 4F ( 9, =3) 27 4F ( 9, 5)
P7 15301 15277 ~7.44 2.21 48 4F (9, -9) 22 41 (9, -9) P7 15297 15310  4.59 3.82 <82 .40 38 4F (9, 7) 17 4F (9, -1)
r7 15336 15320 ~-.15 240 4.84 38 4F (9, -1) 17 41 ( 9, ~-1) Fé 15319 15291 1.41 5.18 30 4F (9, 5) 26 4F ( 9, -3)
Pé 15378 15363 1. 00 5.22 30 4F (9, ~3) 28 4F ( 9, 5) P7 15369 15357 =-9.84 .63 56 4F (9, =-9) 24 41 (9, -9)
Pé 18367 18364 ~5.25 =5.33 .00 .16 66 45 ( 3, ~3) 18 2P ( 3, -3) F7 18335 18340 ~1.74 =-1.00 3.41 66 45 (3, -1) 18 2P ( 3, ~1)
F7 18396 18404 =~1.73 ~1.97 3.42 3.35 67 4S ( 3, -1) 18 2P ( 3, -1) F6 18383 18381 -5.38 ~4.50 .01 66 43 { 3, ~3) 18 2P ( 3, -3)
Fé 19102 19078 2. 34 3.07 6.18 6.01 28 2H2(L1l, 5) 23 4G (11, 5) F6 19114 1.26 6.33 23 2H2(11, 5) 20 2H2(11, =3)
F7 19135 5.05 2.86 31 2H2(11, 7) 25 4G (11, 7) P7 19134 19135 2.72 4.69 22 2A2(11, -1) 20 282(11, 7)
Fé 19165 19140 ~11.05 -10.00 261 .48 40 2H2(11,-11) 32 4G (11,~11) Fs 19155 19146 ~11.33 ~8.00 219 220 42 ZH2(11,-11) 33 4G (11,-11)
P7 19190 19178 =3.15 6.30 .77 +34 20 2H2(11, -9) 15 2H2(11, -1) P7 19188 19189 -2.00 3.10 21 282(11, =-9) 17 2H2(11l, 7)
Fﬁ 19193 19198 =~1.37 .08 5.55 5.80 27 2H2(1l1l, -3) 21 4G (11, -3) F6 19204 .06 6.12 25 2H2(1Ll, =3) 19 2H2(11, 5)
F7 19223 -5.26 4473 25 2H2(11, -9) 19 4 (11, ~-9) F7 19224 19217 -4.08 5.21 23 2H2(1L, =9) 17 4G (11, -9)
T6 20493 20483 -2.74 -2.90 2.47 2.04 83 4F (7, -3) 8 4F (7, 5) F6 20438 20424 =3.11 =3.23 2.00 1.23 86 4F ( 7, =3) 5 4F (7, 5)
F7 20504 8.42 .03 91 &% (7, 7) & 261C 7, T7) P7 20467 20493 -+ 95 4.72 89 4F ( 7, =1) & 261( 7, ~1)
F6 20560 20554 5.10 2.52 83 4F (7, 5) 8 4F (7, -3 F6 20534 20535 5.55 2.08 86 4F (7, 5) 5 4F (7, -3)
P7 20565 20561 ~1.04 4,76 91 4F (7, =-1) & 261( 7, -1) P7 20561 20564 8.27 210 89 4F (7, 7)Y 4 261C 7, T
Fé 22149 22154 3.49 1,49 67 4F ( 5, 3) 13 4F ( 5, -3) Fé 22142 22126 -+ 59 1.80 1.62 51 4F ( 5, =3) 29 4F ( 5, 5)
P7 22176 22182 -1.08 3.06 83 4F ( 5, =1) 12 2D1( 5, ~1) F7 22150 22155 =~1.16 =1.70 3.15 84 4F ( 5, ~1) 12 2p1( 5, -1)
FS 22177 22192 ~l.41 1.94 68 4F (5, =3) 14 &4F ( 5, 5) F6 22199 22215 2.13 2.42 52 4F (5, 5) 31 4F ( 5, -3)
Pé 22522 -2.18 - 40 60 4F ( 3, -3) 20 2D1( 3, -3) F7 22458 -~ 70 1.53 61 4F ( 3, =~1) 20 2D1( 3, ~-1)
r7 22537 22541 -.82 1.45 62 4F (3, ~1) 20 201( 3, -1) Fe 22564 ~-1.68 <54 59 &4F ( 3, =3) 20 2Dp1( 3, -3)
PB 24487 24492 3.26 5.01 4222 2,01 18 4F ( 9, 5) 14 2G1( 9, 5) PG 24418 24423 2.24 2,70 4.72 4,50 15 4F (9, 5) 12 2Gi( 9, 5)
V7 24540 24539 =-8.53 1.19 21 4F (9, ~9) 16 2G1( 9, ~9) Fé 24507 -+ 10 4.73 15 4F (9, =3) 11 261( 9, -3)
F6 24547 24530 ~1.15 4.21 18 4F ( 9, =3) 14 2GI( 9, ~3) F7 24513 24512 .04 - 80 4,27 12 47 (9, -1) 9 261( 9, -1)
™, 24601 24620 2.44 -84 11 4F (9, 7y 9 261( 9, 7) [T, 24541 24552 ~5.86 2.42 18 4F ( 9, ~9) 14 2GL( 9, -9)

~
~3

1t



Table I Continued

£ iuro, £=?¥ings10,

Sym Energy Splitting Factors Eigenvector Composition Sym Energy Splitting Factors Eigenvector Composition

(en™hy g 1gL1 SLQ(23,23,)  SLQ(23,2) (en™ ) gy le, SLQ(23,24)) 1Q(24,23,)

cal obs cal obs cal obs % largest % second cal obs cal obs cal obs % largest %  second

["7 24665 24653 2.83 3.35 11 4F (9, 7) 11 &4F (9, ~1) 1"7 24594 24615 2.58 3.51 11 4F (9, 7) 11 4F (9, -1)
T‘ﬁ 26295 26294 =91 1.00  6.45 5.83 29 4G (11, 5) 25 4G (i1, =3) Té 26243 26226  -. 19 L. 54 6.29 29 4G (11, -3) 24 4G (11, 3)
F‘7 26318 26317 2.85 5.09 5.26 28 4G (11, 7) 25 4G (11, -1) {"7 26259 26248 <75 2.10 6.13 36 4G (11, -1) 17 2H2(11, -1)
5"6 26357 26343 ~1l.47 ~10.58 <04 53 4G (11,-11) 24 28H2(11,-11) [‘6 26317 26322 -10.82 -9.75 .13 272 51 4G (11,-11) 24 2H2(11,-11)
["7 26393 26396 ~4.14 ~6.30  4.07 36 4G (11, =9) 18 4G (11, 7) r‘7 26370 ~1.96 4. 86 30 4G (11, =9) 25 4G (11, 7)
I"é 26440 26459  ~.09 6. 40 33 4G (11, =3) 23 4G (11, 5) {"6 26410 26389 «33 6.38 28 4G (11, ~3) 27 4G (11, 3
f‘7 26459 26478 -2.13 6012 29 4G (11, -1} 18 46 (11, -9) I"7 26436 26401 ~-2.23 5.86 22 4G (11, =9) 20 4G (11, =-1)
f"7 27343 27346 4e22 2,67 48 4G (9, 7) 27 4G ( 9, ~1) F7 27317 27313 ~2.74 4.13 31 4G (9, =9) 29 4G (9, -1)
I"6 27350 27357 .64 L1k 5.20 43 4G (9, 5) 34 4G (9, ~3) F7 27322 27327 228 3.27 43 4G (9, 7) 31 4G (9, ~9)
T"7 27358 ~5e67 1.65 53 4G (9, ~-9) 134 (9, 7) Fé 27334 27331 2:41 5.05 49 4G (9, 5) 28 4G ( 9, -3)
F‘é 27383 27402 .68  3.33 5.00 43 4G (9, ~3) 34 4G (9, S5) T‘é 27357 27381 - 17 4.77 49 4G (9, -3) 27 4G (9, 5)
(‘7 27386 27398 ~2.01 4e34 40 4G (9, ~1) 23 4G (9, ~-9) ["7 27369 27387 =~1.02 4061 48 4G (9, =1) 15 4G (9, 7}
["7 27496 -s21 7.83 52 2K (15, ~1) 23 2K (15, 7) r‘é 27485 11.89 2.38 77 2K (15, 13) 5 2K (15, 5)
!"6 27498 ~ 09 7.78 45 2K (15, =3) 35 2K (15, 5) r‘7 27509 14.24 .60 77 2K (15, 15) & 2L (15, 15)
T‘6 27641 3. 44 5. 81 44 2K (15, 13) 29 2K (15,-11) PG 27528 -8, 52 1. 66 70 2K (15,-11) 10 2K (15, -3)
T‘7 27663 =-1.23 6.69 48 2K (15, =9) 35 2K (15, 7) P7 27556 -3.06 6.26 47 2K (15, -9) 23 2K (15, ~1)
f‘é 27682 .70 5.64 41 28 (15,-11) 36 2K (13, 13 f‘6 27670 . 49 7.25 44 2% (15, 5) 27 2K (15, -3)
I"7 27725 12.50 203 72 2K (15, 13) 7 2K (13, -9 (‘7 27674 .83 6.19 50 2K (15, 7) 33 2K (15, -9)
f‘6 27783 .06 7.61 37 2K (15, ~3) 36 2K (15, 3) F7 27891 -+ 09 5.76 30 2K (15, -1) 19 4G (7, -1)
("7 27789 .86 7,27 34 2K (15, =-1) 31 2K (15, 7) {"6 27891 =13 1.76 24 4G (7, ~3) 15 2G1( 7, -3)
ré 27953 lo&l 3.30 23 46 (7, 5) 174 (7, ~3) [‘6 27915 1.94 4470 26 2K (15, =3) 18 4G (7, 3)
(“7 27972 1.09 2.78 30 4G (7, =1) 18 2G1( 7, ~1) [“7 27941 6059 - 30 37 46 (7, 7) 22 2617, 7)
\"7 27981 5. 49 1.01 29 46 (7, 7y 17 261( 7, T F‘7 27966 .02 5.54 27 2X (15, -1) 18 4G (7, -1)
r‘6 27986 o 47 3.48 22 4G (7, =3) 17 4G (7, 3) T‘é 27967 27984 .10 5.26 20 2K (15, =3) 14 4G (7, -3)

a b
from reference 8, reference 5

4!



13.

: - +
Table II. Crystal Field Parameters (cm 1) for Er3 in
ferameter M 0, ey
2 97015 97058 97537
p 69141 69142 68528
70 48232 48232 49052
z 2366 2368 2367
Bé 146 279 ~531
Bé 68 155 404
BZ ~760 ~756 ~927
Bg ~643 ~537 464
6 Q i -
By 89 141 4
g0 44051 44062 44134
*
o 15.9 15.9 15.9
*®
B 632.0 632.0 632.0
*®
y 2017. 2017. 2017.
E3
p? 157.5 157.5 157.5
%
73 48.0 48.0 48.0
4% )
7 18.0 18.0 18.0
*
70 ~342.0 ~342.0 ~342.0
*
v/ 214.0 214.0 214.0
%
8 449, 0 449.0 449. 0
0% _
M 4.5 4.5 4.5
2*
M 2.52 2.52 2.52
4 %
1 1.71 1.71 1.71
2% ,
p 667.0 667.0 667.0
ES
p® 500.3 500. 3 500. 3
> 13.2 14,7

%
from reference 12

14.5






